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The extended finite element method (XFEM) [1] is a frequently used enriched finite element tech-
nique for the approximation of solutions with discontinuities, singularities, or other locally non-polynomial
phenomena. The method enables the inclusion of known solution properties into the approximation
space. Thereby, optimal convergence rates are achieved for solutions that involve kinks, jumps, and also
high gradients [2] within elements. The simulation is typically carried out on simple (often regular)
meshes. The method allows for discontinuities, that do not conform with the mesh.
In crack problems, a jump in the displacement field appears accross the crack interface. Moreover,
at the crack-tip a singularity or a general high gradient is present in the stress and in the strain fields.
In [3], the step enrichment with the Heaviside function is used along the crack path as in common
XFEM simulations. However, at the crack-tip rather than the branch enrichments, the mesh refinement
is realized based on ’hanging node’ elements. Thereby, the knowledge of the analytical behavior of the
solution at the crack-tip is no longer needed. This is important for material and fracture models with
unknown analytical solutions at the crack-tip. In the ’hanging node’ elements special conforming shape
functions with partition of unity property are used. This idea was proposed for stationary cracks in [3]
and is extended to crack propagation in this work. Furthermore, in order to avoid a virtual extension
of the crack path to the element edge in the crack-tip element, which is the consequence of standard
Heaviside enrichments, the special algorithm of [4] is applied. In this approach, the crack-tip element is
divided into two parts: the cracked and the uncracked part. The enrichment is only discontinuous where
the crack exists and the crack-tip is matched exactly.
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